Abstract
Introduction

35
Many benthic organisms have an indirect development, producing pelagic larvae, termed 36 meroplankton, which go through several distinct phases before settling on the sea floor.
37
Meroplanktonic larvae are important for benthic organisms, as their survival and ability to 38 locate a suitable habitat for settlement determines the success of recruitment to the adult 39 population. The balance between mortality and settlement is complex and may be influenced 40 by temperature and salinity, transportation to unfavorable habitats, food availability and 41 predation (Todd, 1998) .
42
In tropical waters, meroplankton are present throughout the year, whereas a more 43 pronounced seasonality is common at higher-latitudes (Giese and Pearse, 1977) . Strong 44 seasonal variability in environmental variables such as temperature, salinity, light availability 45 and primary production characterize high-latitude coastal waters. These factors in turn 46 influence reproduction, abundance and distribution of both permanent pelagic residents, 47 holoplankton (Fossheim and Primicierio, 2008; Tande, 1989) , and meroplankton (Morgan, 48 1995). For benthic invertebrates, changes in photoperiod and primary production are thought 49 to be the strongest spawning cues, with temperature and salinity acting as additional triggers 50 (Olive, 1995) . Thus, the spawning times of benthic organisms and the resulting composition 51 of meroplanktonic communities vary through the year.
52
Meroplanktonic larvae can spend intervals from hours to years in the upper water column, 53 where a wide range of predators may prey upon them (Thorson, 1950) . During their time there 54 meroplankton display two nutritional modes: some are planktotrophic, feeding as herbivores, 55 carnivores or detritivores, while others are lecithotrophic, not feeding but surviving on yolk 56 and lipid supplied in the egg (Mileikovsky, 1971) . A majority of planktotrophic larvae feed on (Table 1) . Samples were collected using a WP2 carries out regular surveying at fixed stations (Mankettikkara, 2013) . The Mid-fjord station is 139 located at a fixed site, and a CTD-profile was taken there prior to each WP2 sampling. The
140
closest CTD-station to Veinesbukta was Inner-west, located 2.7 nautical miles southeast of
141
Veinesbukta and was used as a proxy for this station ( Figure 1 and Table 1 ).
182
Holoplankton were identified to phylum or order ( mesozooplankton were identified but designated as "other" in plots (Table 2 ). The 187 macrozooplankton were also grouped in the "other" category ( produced to assess the effects of environmental factors on the meroplanktonic composition 210 through the study period. All meroplanktonic taxa and six environmental variables (Table 5) 211 were used in the calculation. In the ordination, samples and species were constrained on the 212 environmental variables. Organisms occurring less than twice through the sampling period and/or contributing to less than 0.01% of the total variation were removed from the plot 214 presented. Abbreviations for the taxa presented in the CCA plot are listed in Table 3 . The
215
significance of environmental variables and the chosen axes was assessed using an ANOVA-
216
like test with 9999 permutations (Oksanen, 2015) . Null hypotheses were rejected at p < 0.05.
217
All statistical analysis was performed using R software, version 2.14. May and August at both stations (Figure 2 ), reaching a maximum in August both years.
227
Maximum surface temperature differed between years and stations, reaching 11˚C in August (Table 3) .
258
The two stations did not differ significantly in terms of community structure and abundance in 259 any month (PERMANOVA, r 2 = 0.03, p = 0.9). In order to detect seasonality in meroplankton 260 taxa and abundance, two cluster analyses were performed using dissimilarity indices: Jaccard
261
( Figure 3a ) and Bray-Curtis (Figure 3b ). In both, two main clusters of samples were observed: and late summer (Figure 3a ). There were some deviations from this main pattern, although the 268 three clusters were significantly supported by the data (bootstrap resampling, p-value < 0.05).
269
The summer cluster was not significantly supported in the Bray-Curtis tree (p = 0.34) ( Figure   270 3b), nor were the February samples (ME 02.13 and V 02.13) in the Jaccard tree. February 
291
We assigned a nutritional mode to a majority of larvae within Arthropoda, Polychaeta,
292
Echinodermata and smaller taxa (e.g. Bryozoa and Acidiacea) (Table 3) . However, some
293
propagules identified to morphological type (e.g. trochophores and juveniles), and larvae 294 identified to a high taxonomic level (e.g. veligers of Bivalvia and Gastropoda) were not assignable due to the possibility of species belonging to both nutritional modes (13 of 56 296 larvae) (see supplementary data Table 1 ). Of the remainder, 39 out of 56 larvae have been 297 described as planktotrophic, (Table 3) . There was a simultaneous presence of lecithotrophic
298
and planktotrophic propagules in all three seasons (Table 4 ). The number of types 299 planktotrophic larvae in the water column increased strongly from winter to spring and 300 summer, with 12 in winter, 23 in spring and 31 in summer (Table 4) . Norway.
307
Seasonally dominant meroplankton
308
The six main meroplanktonic taxa (Cirripedia, Polychaeta, Echinodermata, Gastropoda,
309
Bivalvia, Bryozoa and Decapoda) were present in all seasons ( spring and summer.
315
Gastropoda was the dominant taxon in winter, representing an average of 60% of the 316 meroplankton community in the fjord (Table 4) . Bryozoa was second most dominant to was not observed at Veinesbukta in April 2014, when Polychaeta were dominant. In summer,
323
there was a shift toward a more diverse community ( Figure 4 and Table 4 ). On average
324
Bivalvia was the dominant summer taxon, followed by Echinodermata and Polychaeta (Table significantly to the ordination (p < 0.05 in Table 5 ). The stations group in a pattern a, and are situated toward the center of the plot due to a low total abundance of meroplankton and the presence of larvae that were common in the other seasons (e.g. Gastropoda veligers).
343
The exceptions were the October 2013 samples that grouped in the upper right corner and Table 3 . assemblage. An increased presence of meroplankton in spring was also observed at the Mid-388 fjord station; however, they did not dominate, contributing 7% in March and 33% in April.
389
During summer, the composition changed to a dominance of calanoid copepods in both size 
424
In this study, the abundance of meroplankton was, with the exception of a study in 
509
The transition between spring and summer was less pronounced, with a majority of the 
549
The peak phytoplankton bloom within Porsangerfjord occurs later than in other north
550
Norwegian fjords, indicating a more Arctic primary production regime (Eilertsen and Ophiuroids were primarily present in the water column through spring and summer and 554 appeared to correlate with the period of peak chlorophyll a concentration. A majority of these 555 larvae originate from taxa that produce planktotrophic larvae (Table 3) and are hypothesized 556 to spawn when an optimal combination of photoperiod and temperature have been reached 557 (Olive, 1995) . Alternatively, some Echinoderms spawn when they sense heat-stable 558 metabolites released by phytoplankton (Starr et al., 1990) . Residing in the water column 559 during summer introduces the danger of predation, as potential predators such as 560 chaetognaths, fish larvae, ctenophores and hydromedusae are present in higher numbers 561 (Table 3 and data not included) (Thorson, 1950) . Indeed, bivalve veligers, polychaete larvae autumn (September) (Hannerz, 1956) . Similarly, Blake (1969) found that members of the 581 spionid genus Dipolydora spawn in late winter when temperatures are low, and he 582 hypothesized that they spawn early in order to match the phytoplankton bloom. Thus, it is 583 likely that the spring community consists of a mixture of late winter-spawned larvae and 584 larvae dependent on the onset of the phytoplankton bloom.
585
Presence of some meroplankton did not correlate with environmental variables.
586
Considering the scarcity of phytoplankton during winter, it is likely that some larvae present 587 then have a lecithotrophic nutritional mode. Ascidian tadpole larvae are lecithotrophic, and 588 the adults of all species produce such larvae (Young et al., 2002) . Furthermore, some 589 gastropods produce lecithotrophic veligers (Thorson, 1936 (Thorson, , 1950 . Having larvae independent 590 of external sources of nutrition means that the adults can utilize a larger part of the year for 591 spawning. However, some planktotrophic larvae were observed in winter (e.g. asteriodean 592 brachiolaria and bipinnaria larvae). Detritus, bacteria and protozoans are thought to be the latitude areas, the community shifted from dominance of calanoid copepods to a dominance 633 of cyclopoid copepods and small copepods in late summer (Hansen et al., 1999; Smidt, 1979 taxa may reflect the local benthic communities within the fjord.
650
The currents and circulation of water masses within fjords, estuaries and bays are complex 651 and planktonic larvae risk being transported out of or into fjords. These areas also produce 652 barriers to advection due to eddy formations, tides, and temperature and salinity gradients 653 (Fetzer, 2003; Scheltema, 1986) , all of which can promote retention of larvae (Fetzer, 2003) .
654
The advective properties of drifting particles within and outside Porsangerfjord have been 2002), and they may follow similar dispersal patterns to those described by the modeling.
666
Thus, the available literature suggests that a majority of pelagic larvae within the fjord may be 667 produced locally. The observed seasonality may, therefore, be representative for high-latitude 668 fjords and coastal areas containing a similar benthic community. 
Conclusion and perspectives
671
The meroplankton community displayed strong seasonality in abundance and numbers of taxa number of larval types assigned to each nutritional mode (P, planktotrophic; L, lecithotrophic), 920 excluding larvae that could not be assigned a nutritional mode (Table 3) . Dominant taxa are given in 921 bold. Based on n = 6 samples in winter, n = 4 samples in spring and n = 11 samples in summer. 1.6 0.1 Significance level indicated by * = 0.05, ** < 0.01, *** < = 0.001
